ment from baseline along with the evaluation of the mean weekly epoetin dosage per kilogram of body weight that was necessary to maintain the Hb level within 10-12 g/dL during the last 4 weeks of treatment. As the secondary objective, safety was assessed along with other efficacy endpoints. Results: A total of 156 patients were included in this clinical trial. There was no statistically significant difference between treatment groups regarding the mean Hb change (p = 0.21). In addition, the mean weekly epoetin dosage per kg of body weight for maintaining the Hb level within 10-12 g/dL showed no statistically significant difference between treatment arms (p = 0.63). Moreover, both products had comparable safety profiles. However, the incidence of Hb levels above 13 g/dL was significantly lower in the CinnaPoietin ® group. Conclusion: CinnaPoietin ® was proved to be non-inferior to Eprex ® in the treatment of anemia in ESRD hemodialysis patients. The trial was registered in Clinicaltrials.gov (NCT03408639).
Introduction
Anemia is one of the major and prevalent complications of chronic kidney disease (CKD) [1] . The main reason for anemia in patients with CKD is the insufficient synthesis of erythropoietin due to kidney failure. Since the 1980s, erythropoiesis-stimulating agents (ESAs) have been used to treat CKD-associated anemia. Most of the end-stage renal disease (ESRD) patients need recombinant human erythropoietin or blood transfusions to achieve target hemoglobin (Hb) level [2] [3] [4] .
Among several types of ESAs, epoetin alfa and beta, 2 short-acting ESAs, have shown the same efficacy in treating CKD-induced anemia. Some studies suggest that subcutaneous (SC) injection of epoetin beta is less painful than epoetin alfa [5, 6] . Other studies have demonstrated that elimination half-life of epoetin beta is longer than epoetin alfa, which is probably due to different glycosylation. As a result, lower doses may be needed to maintain hemoglobin and hematocrit in the target level [7] [8] [9] . However, the Kidney Disease Improving Global Outcomes (KDIGO) guideline along with other evidence suggest that epoetin alfa and beta have the same efficacy and require the same dose to be administered to patients with CKD-induced anemia [10, 11] .
CKD is one of the most prevalent diseases in Iran. According to a study in 2009, the overall prevalence of the disease was 18.9% (among 10,063 participants aged over 20) in Tehran, Iran [12] . ESRD defines as under stage 5 of the National Kidney Foundation Kidney Disease Outcomes Quality Initiative classification of CKD. It refers to individuals with an estimated glomerular filtration rate less than 15 mL per minute per 1.73 m 2 body surface area, or patients requiring dialysis without considering glomerular filtration rate. The prevalence of ESRD stages 5 has reported 0.1% in Iran [13, 14] . In addition, the financial burden of CKD-related complications is estimated to be very high [15] . With respect to epoetin beta benefits and prevalence of CKD in Iran, CinnaGen has recently produced a biosimilar to the reference epoetin beta product (NeoRecormon ® , Roche). Due to lack of rigorous evidence on how efficient epoetin alfa and beta are when compared to each other, we conducted a phase III, double-blind, randomized study to compare the efficacy and safety of epoetin beta biosimilar (CinnaPoietin ® ) with the efficacy and safety of epoetin alfa (Eprex ® ) in the treatment of anemia in ESRD patients on hemodialysis.
Methods

Study Design
This phase III, randomized, multicenter, prospective, 2-armed, parallel, double-blind (patient-and assessor-blinded), active-controlled, and non-inferiority clinical trial was performed in 8 centers in 3 cities (Tehran, Kerman, Shiraz) of Iran. The study procedures were in accordance with the Good Clinical Practice (GCP) guidelines and ethical principles of the Declaration of Helsinki. The study was approved by the Ethics Committees of Tehran University of Medical Sciences (IR.TUMS.REC.1394.969) and Shiraz University of Medical Sciences (IR.SUMS.MED.REC.1394.s50). Written informed consent was obtained from all participants before the study was initiated. The trial has been registered in Clinicaltrials.gov (NCT03408639).
Patients were randomized with 1: 1 ratio to receive either CinnaPoietin ® or Eprex ® . Patients who had received epoetin previously continued to receive the same dose. Both IV and SC injections were allowed for the patients. The dose was then adjusted based on the patient's response to maintain the Hb level in the target range (10-12 g/dL). Administration dose for patients who were treated with erythropoietin was similar to the previously administered dose (IV or SC without any change). After then, dose adjustment was done based on patients' response. Dose adjustment for patients was performed in the following manner: Doses should not be increased more frequently than once a month. If the hemoglobin level is increasing and reaches 13 g/dL, the dose should be reduced by approximately 25-50% (50-75% of the previous dose). If the hemoglobin continues to increase, the dose should be temporarily withheld until the hemoglobin begins to decrease; at this point, therapy should be re-initiated at a dose approximately 25-50% below the previous dose. If the hemoglobin increases by more than 1 g/dL in any 2-week period, the dose should be decreased by approximately 25-50%. In addition, patients received Nephrovit ® (multivitamin for CKD patients) daily along with monthly injections of vitamin B12 (100 μg) over a period of 26 weeks. Patients were evaluated every 2 weeks for the first 2 months and then at weeks 12, 20, 22, 24, and 26. The first 2 weeks of the trial were considered the washout period, and related data were not included in the statistical analysis.
Patients' background information, medical history, and prior medications were recorded at baseline. Also, medication regimens were recorded in the entire study. Laboratory examinations were performed throughout the trial. Moreover, the incidence of adverse events at each visit was recorded based on patients' reports and laboratory findings.
All injections were administered by experienced nurses at each center. All participants were blinded to the allocated treatments. Both CinnaPoietin ® and Eprex ® prefilled syringes were relabeled and coded by an independent party to become indiscernible from each other.
Participants
ESRD patients who were on hemodialysis for ≥3 months who met the following criteria were included in this clinical trial: age between 18 to 70 years; Hb level between 8 and 11.5 g/dL, being on adequate hemodialysis, having adequate iron stores, which is defined as serum ferritin ≥200 ng/mL and transferrin saturation ≥20%; complying with medication use, visits, and procedures as judged by the investigator; using an acceptable birth control meth-od for females of childbearing potential; and providing written informed consent.
Patients with any of the following criteria were excluded from the study: uncontrolled hypertension (pre-dialysis diastolic blood pressure ≥100 mm Hg or systolic blood pressure ≥180 mm Hg); anemia secondary to other causes apart from CKD; decompensated liver failure; uncontrolled hyperparathyroidism (iPTH > 800 pg/mL); class III and IV of heart failure according to New York Heart Association classification, unstable angina pectoris, active cardiac disease, stroke and/or cardiac infarction within the last 6 months; history or active blood coagulation disorders, including deep vein thrombosis, pulmonary thromboembolism, and native access thrombosis during the last 6 months; platelet count > 500,000/µL; platelet count < 100,000/µL; white blood cell count < 3,000/µL; white blood cell count > 15,000/µL; recent bleeding (within 3 months before screening), suspected or confirmed occult bleeding; clinical evidence of concurrent systemic infection or inflammatory disease (e.g., diabetic foot, bed sore, vascular access infection, and CRP > 30 mg/L); currently receiving medication for treatment of epilepsy, major surgery within 3 months prior to randomization and during the clinical trial (except vascular access surgery); concomitant immunosuppressive therapy; history of malignancy within the last 5 years (except excised nonmelanoma skin cancer); pregnancy or breastfeeding; known history of severe drug-related allergies; known history of drug-related allergy to erythropoietin or its ingredients or hypersensitivity to mammalian-derived products; receiving transplant within 1 year prior to the start of the study; simultaneous participation in another clinical study or having received an investigational medicinal product within 3 months before randomization in this study; having psychiatric, addictive (drugs or alcohol), or any other disorder comprising the ability to give an informed consent; any red blood cell transfusion during the last 3 months; primary hematological disorder; known resistance to recombinant human erythropoietin defined by requiring more than 450 IU/kg/week by IV or 300 IU/kg/week by SC routes, equivalent to approximately 20,000 IU/week by SC route in the absence of iron deficiency; suffering an event of active bleeding in 30 days before the study; and having morbid obesity, defined by a body mass index (BMI) > 37 kg/m 2 in women and > 40 kg/m 2 in men.
Efficacy and Safety Assessment
Assessing the mean Hb level change during the last 4 weeks of treatment from baseline and evaluation of the mean weekly epoetin dosage per kg of body weight during the last 4 weeks of treatment (necessary to maintain the Hb level within 10-12 g/dL during the last 4 weeks of the study) were the primary endpoints of this study. The secondary endpoints of this study were as follows: proportion of patients with any permanent or transient dose change during the main study phase (after wash-out period), proportion of patients with any Hb measurement outside the target range, proportion of patients who needed blood transfusions, proportion of patients who had successful treatment (Hb concentration ≥11.0 g/dL and without any blood transfusion within the preceding 3 months), proportion of patients with maintenance success (maintenance of mean Hb concentration of 11.0 ± 1.0 g/dL for at least 4 consecutive weeks), the percentage of patients with Hb measurements > 10.0 g/dL and hematocrit measurements > 30% during the last 4 weeks, along with the evaluation of safety measures between treatment arms. Safety outcomes in this study included the incidence of Hb levels above 13 g/dL, the proportion of patients with an increase in Hb concentration of > 1.0 g/dL for 4 consecutive weeks, and evaluation of the incidence rate of adverse drug events. By considering the consumed dose in the last 4 weeks of the study, the annual cost of the medicines in both arms was predicted and evaluated as a cost-effectiveness parameter. Any adverse events during the study were recorded by the investigators in the case report forms. Laboratory tests were performed by authorized laboratories and all of the tests were standardized. The mean consumed dose of each epoetin product was analyzed throughout the study [16] .
Statistical Analysis
The sample size of 144 patients was considered to provide 80% power with the assumption of a difference of -0.500 between the means for determining non-inferiority by a margin of -1.00. However, by considering drop out, a total of 156 patients were assigned to 2 treatments using the cluster randomization method. The primary efficacy endpoints were analyzed using the per-protocol (PP) analysis. Those patients who did not receive at least one dose of study medication for more than 5 weeks or those whose dose was not modified correctly were excluded from the PP analysis. Dose modification was defined as follows: If the Hb level during a particular visit exceeded 13 g/dL, the dose in subsequent visits must be reduced; otherwise, the patient would be excluded from the PP analysis. If the Hb level at the time of a particular visit was less than 7 g/dL, blood transfusion must be performed; otherwise, the patient would be excluded from the PP analysis.
The secondary efficacy endpoints were assessed using the intention-to-treat approach. The safety analysis was conducted using safety population, meaning those who were randomized and received at least one dose of study medication. The efficacy of treatment was evaluated by employing the unpaired t test, Pearson's chi-square test, and Fisher's exact test. p values less than 0.05 were considered statistically significant. Adverse events were reported as the incidence rate. Moreover, the generalized estimating equations model was used to detect the changes in dose over time. In this study, all statistical computations were done using STATA software 14.0 (Stata Corporation, College Station, TX, USA).
Results
Patients' Disposition
A total of 648 patients were screened across 8 centers in Iran and 156 patients were enrolled in the study. Sixtyseven patients in CinnaPoietin ® arm and 56 patients in Eprex ® arm completed the 26-week study period. The study profile is shown in Figure 1 .
The baseline (week 0) characteristics of patients are outlined in Table 1 . The route of administration of patients receiving CinnaPoietin ® and Eprex ® groups during the study is shown in online supplementary Table  S1 (for all online suppl. material, see www.karger.com/ doi/10.1159/000493097). As shown, more patients received epoetin in the SC route.
DOI: 10.1159/000493097
Efficacy The mean Hb change in patients was 0.4 ± 1.26 and 0.74 ± 1.39 for CinnaPoietin ® and Eprex ® groups, respectively, in the PP population (p = 0.21). The two-sided 90% CI of the difference in the mean change of Hb between CinnaPoietin ® and Eprex ® (-0.79, 0.11) falls within the prespecified non-inferiority margin.
Also, hemoglobin measurement trends of 2 groups during the entire study are shown in online supplementary Figure S1 .
The mean weekly epoetin dosage per kg body weight of patients during the last 4 weeks of treatment necessary to maintain the Hb level within 10-12 g/dL in PP population was 117.02 ± 54.5 IU/kg/week and 110.01 ± 49.27 IU/ kg/week for CinnaPoietin ® and Eprex ® groups respectively (p = 0.63).
A table summarizing data on hemoglobin, hematocrit, and iron status in the period of primary outcome analysis (last month) is presented as online Supplementary Table S2 .
Thirteen patients in the CinnaPoietin ® arm received 400 mg IV iron infusions as the median average monthly dose during the trial and 40 patients in the Eprex ® arm received 300 mg IV iron infusions as the median average monthly dose during the study.
The proportion of patients with any permanent or transient dose change was 90.28% in the CinnaPoietin ® group and 95.45% in the Eprex ® group (p = 0.33). There was a statistically significant difference between treatment groups in the proportion of patients with any Hb measurement outside the target range (p = 0.03). However, this difference was in favor of CinnaPoietin ® (Fig. 2) . There was no statistically significant difference between treatment groups in the percentage of hematocrit measurements > 30% in the last 4 weeks (p = 0.27) and the proportion of patients with Hb ≥11 g/dL without blood transfusion within the preceding 3 months (p = 0.79; Fig. 2 ). Three patients in each group experienced at least one blood transfusion (p = 1.00).
There was a statistically significant difference between treatment groups regarding the proportion of patients who reached maintenance success (maintenance of mean Hb concentration of 11.0 ± 1.0 g/dL) for at least 4 consecutive weeks (p= 0.002). However, this difference was in favor of CinnaPoietin ® (online suppl. Fig. S2 ). There was no statistically significant difference between treatment groups regarding the mean Hb level above 10 g/dL during the last 4 weeks of treatment (p = 0.48; online suppl. Fig. S2 ).
The final evaluation of the mean weekly epoetin dose during the study demonstrated that it was higher in the Eprex ® group (mean 20.87 IU/kg/week more than CinnaPoietin ® , with 95% CI (-4.07 to 45.81)), but this difference was not statistically significant (p = 0.1; online suppl. Fig. S3 ).
Safety
The proportion of patients who experienced at least one Hb measurement above 13 g/dL during the study was 44.29% and 71.19% in CinnaPoietin ® and Eprex ® groups respectively (p = 0.002). While 61.11% of patients in the CinnaPoietin ® and 63.08% of patients in the Eprex ® group witnessed at least one case of increase in Hb concentration > 1.0 g/dL for consecutive 4 weeks, there was no statistically significant difference between treatment arms in this regard (p = 0.81). Among all patients, 41 (26.28%) patients experienced at least one adverse event (AE) during the study. There was no significant difference between treatment groups regarding the incidence of AE (p = 0.36). The summary of AEs based on system organ class is presented in Table 2 .
The annual cost of anemia treatment in an ESRD patient with CinnaPoietin ® is approximately 540 US dollars, whereas with Eprex ® it is around 1,330 USD.
Discussion
This clinical trial was conducted to compare the efficacy and safety of CinnaPoietin ® (epoetin beta) and Eprex ® (epoetin alfa) in their role as short-acting ESAs. The findings suggested that CinnaPoietin ® is non-inferi- or to Eprex ® in terms of efficacy. In addition, both products had comparable safety profiles. The mean change in Hb level during the last 4 weeks was comparable in CinnaPoietin ® and Eprex ® arms. The mean change in Hb level matched those seen in the B. Gertz et al. [17] study that compared 2 different types of short-acting ESAs (theta and beta) in the treatment of anemia in CKD patients. Another study that compared 2 different types of short-acting ESAs showed that with an equivalence range of ±1 g/dL, epoetin zeta and alfa have similar efficacy levels [16] . This is in accordance with the KDIGO guideline that stated that short-acting alfa and beta ESAs are similar to each other in terms of their efficacy levels [10] . The mean weekly epoetin dosage per kg body weight of patients during the last 4 weeks of treatment necessary to maintain the Hb level within 10-12 g/dL was similar between 2 groups. According to the KDIGO guideline, epoetin alfa or epoetin beta usually starts at the same dose and these 2 types of ESAs have equal efficacy [9] . Few studies compared the dose of epoetin alfa with epoetin beta in patients with CKD. Ostrvica et al. [11] evaluated the efficacy of epoetin alfa and beta for correction of anemia in ESRD patients during 6 months in a prospective study. It was concluded that these 2 ESAs have comparable efficacy in the treatment of renal anemia in hemodialysis patients. Also, patients needed approximately equal doses of epoetin alfa and beta to achieve and maintain the target level of Hb and hematocrit at the end of the study. Nevertheless, this study had a small sample size. In the present study, we included more patients and we concluded that epoetin alfa and beta have comparable efficacy in the treatment of anemia in hemodialysis patients.
In another study, Loughnan et al. [8] compared the efficacy and safety of epoetin beta and epoetin alfa in the maintenance phase of hemodialysis patients. Their results indicated that higher doses of epoetin alfa are required to maintain Hb in the target level. As previously mentioned, the mean dose of epoetin during the whole study was higher in the Eprex ® group, although this difference was not significant.
Krivoshiev et al. [18] compared some parameters related to the efficacy of 2 types of ESAs (epoetin zeta and alfa) in renal anemia. Results of this trial indicated that different types of short-acting ESAs have similar efficacy in ensuring maintenance success and proportion of patients outside the target range. In the current trial, the proportion of patients with any Hb measurement outside the target range in Eprex ® was higher than CinnaPoietin ® . The difference was statistically significant (p = 0.03) and it was in favor of CinnaPoietin ® . Since most of the patients were in the correction phase, the percentage of patients with Hb outside the target range was high in both groups, but this percentage was significantly lower in CinnaPoietin ® group. Also, a higher proportion of patients with maintenance success in the CinnaPoietin ® group suggests that CinnaPoietin ® is more successful than Eprex ® in keeping patients in the target range of Hb level (10-12 g/dL).
As indicated in the results, the incidence of Hb levels above 13 g/dL in the Eprex ® group was significantly higher than that in the CinnaPoietin ® group. Accordingly, we could conclude that CinnaPoietin ® was better than Eprex ® in maintaining the Hb level of patients in the target level (10-12 g/dL), but in the proportion of patients with an increase in Hb concentration of > 1.0 g/dL for 4 consecutive weeks, there was no statistically significant difference between treatment groups.
Regarding the incidence of adverse events, we did not notice any significant difference between groups and the most common related adverse events during the study were general disorders and administration site conditions; therefore, it seems CinnaPoietin ® and Eprex ® have comparable safety profile.
In respect to cost comparison, it is estimated that the annual cost for each patient receiving Eprex ® is approximately 2.5 times more than that for each patient receiving CinnaPoietin ® in Iran. This is an indication that by biosimilar production, the total cost for the health-care system can decrease dramatically, which is in line with the FDA biosimilar action plan, which states that producing biosimilars potentially lower costs for patients and payors and increase access to these novel products [19] .
In the present study, we found similar efficacy and safety patterns between CinnaPoietin ® and Eprex ® . However, further studies with a larger sample size could corroborate our findings. Moreover, comparing local pain after the subcutaneous injection of epoetin alfa and beta can be investigated in another study. We evaluated the dose trend of CinnaPoietin ® and Eprex ® during the study. However, this study was not powered to assess the dose difference to maintain Hb in the target range of 10-12 g/dL in patients during the entire study and in patients at maintenance phase. This issue along with the clinical judgment of therapy choices and cost-effectiveness assessment can be evaluated in further studies.
Conclusion
This study proved that CinnaPoietin ® is non-inferior to Eprex ® in terms of efficacy. The comparable safety profile of these products was also demonstrated in the treatment of anemia in ESRD hemodialysis patients. To the best of our knowledge, this is the first phase III, prospective, double-blind, randomized, active-controlled clinical trial that compares the efficacy and safety of epoetin beta and alfa with this adequate sample size.
